SOFT AND MEDIUM STEELS

309

We have already pointed out Sec. 135 that this circumstance permits
safe use of common steel castings even as substitutes for forged or
stamped pieces whenever the requisite elastic limits or other mechanical
properties are moderate enough to allow the use of very soft steels.
Whenever very high tensile strengths and elastic limits are required,
however, such substitution can be made only by using special steels sub-
jected to accurately controlled heat treatments.

One observes upon comparison of the microstructure after treatment
No. 1 (Fig. 175) and that of the same steel after No. 2 (Fig. 176) that the
former discussion of the two corresponding samples shown in Fig. 171
and 172 is confirmed. In particular large grained ferrite is quite notable
whenever the heat treatment ends with a true annealing.

Finally, Fig. 177 shows clearly some light striations in the grains of
ferrite revealed by the nitric acid etching. Such lines correspond to in-
tersections of planes of cleavage with the plane of polish, and are now
closely parallel, yet they do not have concordant directions grain to
grain in the unforged steel shown in Fig. 176. In Fig. 178 this evi-
dence does not reappear'because the microsection is normal to the direc-
tion of elongation produced by forging, while the previous photograph was
taken parallel to that direction.

We have already analyzed the causes of all these phenomena in previ-
ous sections.

183. The effects produced by homogeneity annealings and quenchings
may thus differ greatly according to the velocity of cooling which termi-
nates the heating, and this always in the sense that a more rapid cooling
favors the maintenance of the homogeneity obtained by heating above
Ac3. This now familiar fact takes on peculiar importance when heat-
treating pieces of very large dimension and massive form.

In such cases, it is not only impossible to cool the pieces with the same
velocity in all parts, but in some parts of the metal it is even impossible
to reach very high cooling velocities. Such limitations depend essentially
upon the high thermal conductivity of steel. It is clear that the maxi-
mum, cooling velocity at any point within the metallic piece will practi-
cally be reached when the external surface of the object is constantly
maintained at the temperature of the quenching medium. In commercial
operation the most drastic quenches are given by water at atmospheric
temperature, and for quickest cooling the process generally requires the
use of enormous quantities of liquid.

When treating pieces of very large dimension, the maximum cooling
velocity which can practically be reached in the deepest regions is often
below the minimum cooling velocity necessary to cause a true quench-
ing. This is rather an indeterminate speed, but if quenching be de-
fined as the more or less complete suppression of the normal processes
which precipitate and segregate the metarals stable at ordinary tempera-